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In conclusion we believe that this infiltrator should prove of special service to those who use infiltration analgesia as a routine in thoracic, cranial, and plastic surgery. Major S. Rowbotbam drew-attention to three points of great importance:
(1) Dosage: 300 milligrammes was considered the maximum dose of amethocaine and even in great dilution this amount should not be exceeded. In his own experience in thyroid cases he had observed signs of absorption-restlessness and tachycardia-when using a greater dilution than James recommended, i.e. 1:4,000, and a total quantity never in excess of 150 c.c.
(2) It was impor.tant to be, able to produce suction whenever infiltration was performed below the subcutarneous tissues.
(3) Adrenaline: Even in 'xtieme dilution, in his opinion, quantities over 0-5 cc. of the 1:1,000 solution might produce dangerous symptoms. In using unlimitedquantities of the anaethetic solution it was most important that the amount of adrenaline which the patient was receiving should always be kept in mind. DURING four months of last summer thirteen patients developed cranial nerve palsies following a variety of general anesthetics. The degree of severity varied from subjective trigeminal anesthesia only to a complete picture of encephalitis in one of the patients who died. The nerves involved were Vth with VIIth in many, and in some IlIrd, VIth, VIIIth, Xth, or XIIth. Herpes of the febrile type developed about the third day in eleven of the patients. The only abnormalities in-the cerebrospinal fluid were in two cases a small increase in polvmorph cells and in five an increase in protein.
The outstanding post-mortem finding in the patient who developed a picture of encephalitis was cedema of the brain and brain-stem although there were occasional localized perivascular collections of lymphocytes.
The earliest approach to the problem of investigation was an analysis of anesthetic drugs but as there were no impurities apart from a trace of chlorine in the cyclopropane, and this within the specifications of the U.S.P., the possibility of a virus infection was considered. V7irus theory.-Although the incubation period was short for a virus infection the post-mortem findings were not inconsistent with an encephalitis and were comparable with some of the findings in the encephalitis lethargica epidemic after the last war. Isolation of herpes virus during this epidemic was claimed by Doerr and Berger in 1922 and Flexner and Amoss in 1925. Andrewes, Carmichael and Brain showed that 75°,' of hospital patients have antibodies to herpes in the blood, and in the majority overt lesions can be produced by artificial hyperthermia, intravenous T.A.B. vaccine, &c.
Herpes occasionally occurs after an infection of the gasserian ganglion (Harris). All our cases, including those who did not develop herpes, had antibodies in the blood. Keddie et al., treating patients by artificial fever therapv, states that 80% of them develop herpes in oine to three days, but temperatures taken in the machine and of the patient before and after anaesthesia, did not substantiate a theory of hyperthermia.
Animal Inoculatio-ns.-A large number of animals were inoculated by Dr. Humphrey at the hospital and by Dr. Andrewes of the National Institute for Medical Research. No evidence of transfer of a virus infection was obtained.
There is some experimental evidence of a virus infection being "lit-up" by an anmesthetic. Fiala, in 1943 observed that subdural or intravenous injection of vaccinia virus is not normally followed by encephalitis, but is so if the animals are under arethane anaesthesia.
In the absence of any positive findings in the animal inoculations, it is only possible to suggest that herpes virus played a part.
Anxsthetics.-The anmesthetics were extremely varied; trilene was used on only two cases-the remainder receiving combinations with pentothal, nitrous oxide, ether and cyclopropane. It was notable that all the cases occurred in one of the two major opera-ing theatres and all on the same type of machine, this being one on which either a simple "semi-open" method or else a closed circle carbon-dioxide absorption technique may be used. There is only one bottle on the machine and it contains a gauze wick which retains a little of whatever drug has been in the bottle previously and thereby contaminates the drug next used. In the other theatre a sim,ple Boyle machine is used and on it there were no cases. During the period under review 600 inhalation an.esthetics were administered in the theatre where all the cases occurred and 340 in the other theatre. 15% received trilene.
Reports by Hewer and McAuley (1943) of Vth nerve palsies associated with trichlorethylene anesthesia, by Stuber (1931) in German industry and the further observations (Morton, Stuber, Browning) that chemical reactions may occur between trichlorethylene and alkalis put this drug under suspicion. It-is conceivable that when trilene was used by the "to and fro" technique some might linger in the machine on the gauze wick and be carried over into the absorber when a subsequent aniesthetic was given. The sodalime used was a hygroscopic brand containing 11 20% of sodium hydroxide and temperatures up to 1600 F. were recorded during its use. The frequent occurrence of an unusual penetrating odour about the machine led to the suspicion that some toxic agent was being formed.
Chemistry.-Dr. H. E. Cox, D.Sc., F.I.C., to whom the machine and samples of the drugs used were sent, considered there were s9everal conditions suggestive of chemical change: (1) The sour smell noted in our soda-lime; (2) the high temperatures generated in the soda-lime; (3) all the rubber parts are likely to contain fillers and anti-oxidants. Ruibber is porous to cyclopropane and is also affected by ether and trilene, so it is apparent there are possibilities for chemical change, particularly when it is remembered that cyclopropane contains a short carbocvclic ring which is easily opened to form an unsaturated hydrocarbon, and trilene has a double bond as well as an active halogen.
Another reason for suspecting chemical reactions was the irregular incidence of the toxic symptoms.
His investigations revealed no impurities in the ether, trilene or cyclopropane nor reactions between them. Reactions producing a distinctive smell occurred with trilene and soda-lime, slowly at room temperature and rapidly at blood heat. The temperature is important. Trilene can produce potentially toxic substances in two ways: The result of reaction A is dichloroacetylene which is easily oxidized to phosgene, carbon monoxide and carbon dioxide, but this does not, take place in the presence of excess trilene. Further confirmation is obtained by the presence of sodium chloride in the soda-lime. Examination of our soda-lime used revealed 0 05% of NaCl which, on the quantity in the bottle, is equivalent to about 0-6 g. of dichloroacetylene on the 500 g. of soda-lime. Various experiments revealed dichloroacetvlene to be explosive when a condenser was used but such explosions could be prevented by Lhe use of an inert gas such as nitrogen, or an excess of trilene. There is no evidence to indicate that reaction B with the production of dichloroacetyl-chloride occurred. The trilene dicliloroacetylene mixtures made by ourselves readily decomposed on standing, phosgene and-hydrochloric acid being certainly produced. It is evident there are man-y possibilities from the trilene soda-lime combination and there may be others than these mentioned. Animal Anwsthetics.-Experimental anhesthetization of rabbits with trilene dichloroacetylene mixtures was vitiated by the presence of Encephalitozoon cuniculi in our animals; marked histological changes were seen in the brains of controls as well as the animals treated. However two of those receiving 5 ,% dichloroacetylene on an cpen mask died-one within twenty-four hours and the other in four days. Both showi signs of acute pulmonary cedema and theise lung changes were probably due to phosgene. The mixture in the bottle had exploded several times during the administrations.
Alihough evident experimentally and its effect noted on animals there was never any clinical evidence of phosgene in the anmesthetics administered to patients. Drs. Perry, Milton and Graham, working with Dr. Hunter at the Department for Research in Industrial Medicine, have confirmed Dr. Cox's experiments and plan to investigate the subject further. CONCLUSION The virus theory was neither proved nor disproved but all the evidence points to a toxic drug effect following reactions between trilene and soda-lime.
It was realized that trilene could uhave persisted in the machine or the soda-lime which may have been "rested" for as long as three days. The use of the contaminated soda-lime at a later date might explain the intervals between the trilene administrations and the anaesthetics which were followed by palsies.
It should be remembered that variations in susceptibility are well known in toxicology.
There is no doubt that trilene can combine with §oda-1ime to form extremely toxic products and any possibility of this combination should be avoided in anesthetic practice.
Mr. C. Langton Hewer commenting on Dr. McClelland's paper, said that, so far as he knew, in every reported case of nervous sequelae after closed-circuit anaesthesia, one particular brand of soda-lime had been used which had most undesirable characteristics from the anaesthetist's point of view. On analysis this soda-lime contained over nine times the caustic soda content which was regarded as optimal. Furthermore, it was five times as hygroscopic as a good brand in constant use, and after a short time it set into a hard mass which exerted considerable resistance to respiration. The temperature of the canister also became extremely high (180°F.) and this would naturally accelerate any chemnical reaction with an anaesthetic agent. In Mr. Hewer's opinion it was doubtful if any trouble would have been encountered with trilene using a fresh canister of good soda-lime for each case, and in fact many thousands of administrations had been so given without incident. At the same time, Dr. McClelland had performed a service in calling attention to the danger of decomposition and it would seem wise to avoid closedcircuits altogether when using trilene.
Electrocardiographic Changes during Trilene Anesthesia

INTRODUCTION
THE changes in cardiac rhythm which occur during trilene anaesthesia are regarded by some with alarm whilst others consider them to be of no importance. There seem to be two reasons for this divergence of opinion. In the first place the exact nature, and therefore the significance, of these arrhythmias cannot properly be determined unless frequent electrocardiograms (E.C.G.) are recorded throughout the anaesthetic, and up to the'present this has been done only in six cases. Secondly, in the reported cases in which marked arrhythmias occurred there have been other factors-such as intubation-which might themselves be held respunsible for the change in rhythm.
Summarizing the findings of various investigators (see Bibliography), it appears that marked cardiac disturbances have occurred with trilene when the anaesthesia has been deep, when intubation has been used, and when cyclopropane or adrenaline has been added. In addition, absorption technique has frequently been employed in these investigations, and it is. possible that decomposition products of trilene and soda-lime could have affected the heart. It is not clear whether light trilene anaesthesia, without these accessory, factors, has caused serious arrhythmias. The object of our investigation, therefore, was to take I:.C.G.s throughout' operati6ns perform'ed on healthy patients under light trilene anaesthesia, selecting cases which needed no greater depth of anaesthesia than the upper second plane and avoiding the complicating factors of cyclopropane, intubation, use of an absorber, and the application of adrenaline. In this way the nature. and frequency of cardiac arrhythmias due to trilene itself have been determined.
